Milk ejection activity and milk synthesis were studied in primiparous lactating Wistar rats (9 to 12 days postpartum) 24 h after a single intraperi~_oneal injection of 10 ILl of oxvtocin or 1 ml sahne. In a first series of experiments litters were allowed to suckle during this period. Gain in litter weight was blocked completely in the group treated with oxytoein with a decrease in oxygen consumption of mammary gland as compared with saline controls. However, lactose, glucose, and total sugar content did not differ between groups. In a second series of experiments pups were taken away flnmediately after injections. Weaning 24 h decreased oxygen consumption of mammary gland in saline controls. Weaning together with injection of oxytocin caused an even more pronounced decrease. Lactose content of the weaned control group was lower than in the suckled control group and decreased after injection of oxytocin. In vitro milk ejection of small pieces of mammary gland also was completely inhibited in the oxytocin group. Prolactin administration to the oxytocin group increased both lactose and total sugar content of the gland. A pronounced increase in in vitro milk ejection activity in the oxytoein group followed prolaetin treatment. Milk ejection in vivo, as measured by intramammary pressure, also was drastically inhibited by injection of oxytoein. In contrast to the in vitro experiments prolactin injections did not remove this inhibition, though lactose concentrations of mammary gland increased.
Introduction
Oxytoein can improve lactational performance of cows (10, 21), goat (6), and sheep (7). This was not caused by increased prolaeReceived December 4, 1972. tin secretion (11, 12) but by evacuation of milk from the alveoli (15) . However, milk yield deereased when large doses of oxytocin were administered. Milk ejection was impaired in cows (2, 8) , rats (5, 19) , and mice (17, 18) whereas an inhibition of milk secretion was suggested in mice (3) and rats (13, 16, 19) together with an impaired milk ejection. Inhibition in milk secretion could be caused in part by a decrease of prolactin secretion (12).
We investigated the influence of large doses of oxytoein on the metabolic rate of suckled and weaned rat mammary glands. Milk ejection reflex was studied also with in vitro and in vivo methods.
Material and Methods
Primiparous lactating Wistar rats weighing between 150 and 250 g were obtained commercially several days before parturition, except for a group of rats which was raised. On day 4, postpartum litters were adjusted to seven pups each. All experiments were on days 9 to i2 postpartum.
In the first series of experiments (suckled group) 10 IU of oxytocin or 1 ml of saline was injected intraperitoneal (i.p.). Dams remained with pups for 24 h after injection. Then, right and left abdominal and inguinal mammary glands were excised while the rats were anesthetized with ether.
In a second series of experiments (weaned group) oxytocin (10 IU) and saline were injected i.p., and litters were removed from dams. After weaning 24 h, left and right glands were excised. To one group of oxytoein treated dams, prolaetin (NIH-P-S-9 with a potency of 30.30 IU/mg) 5 rag/rat was injected three times subcutaneously.
For determinations of sugar content in mammary gIand, parts of the abdominoinguinal glands were frozen immediately in liquid nitrogen. Glucose was determined by the glucose oxydase method and lactose by the method of Kahn (14) , whereas total reducing sugar content of the homogenate was determined by the method of Somogyi (23 To determine milk ejection by the glands in vitro, mammary pieees (lmm a) were submerged in oxytocin concentrations ranging from 1/~U/ml to 100 mU/ml of Tyrode Ringer solution. Percentage of pieces showing positive milk ejection through a binocular microscope was an index of milk ejecting activity.
For in vivo milk ejeetion studies, rats were treated as indicated above. After a separation of 24 h from their litter, 4.5 rag/100 g of rat of pentobarbitone sodium was injected i.p. and milk ejection capaeity of the mmnmary gland was monitored following the method of Bisset etal. (1) . Oxytocin was injected via the jugular vein. A eatheter was introduced into the duct of one of the inguinal or abdominal mammary glands and connected to a pressure transducer to measure intramammary pressure. Blood pressure also was determined via a cannula in the carotid artery (7702B HewlettPackard pressure recording).
Results

Sugar content of mammary glands.
Results are summarized in Table 1 . Weight gain of the litter in saline controls was ___7.8 4-1.03 g whereas pups who suckled oxytocin treated dams failed to gain weight (--3.3 4-.58). However, in the latter group lactose as well as glucose content of the glands was normal as compared to saline injected and suckled controis.
As compared to the suckled control group, a lower lactose and reducing sugar content was seen in the weaned group (P<.005). In contrast to the lack of effect in the suckled group, oxytocin treatment caused a decrease of both lactose and total reducing sugar content of mammary gland (P<,001) in the weaned group. Prolactin treatment of the oxytoein group increased lactose and total reducing sugar content (P<.025). Differences between the oxytocin group treated with prolactin and saline controls were not significant for lactose and reducing sugar concentration. Glucose content of the mammary gland did not change in any of the three treatment groups.
Oxygen consumption of the mammary glands. Results are summarized in Table 2 . In the suckled group (A) mammary glands of the oxytocin treated female decreased as compared to controls both in wet tissue (P<.001) and dry tissue (P<.005). In wemaed controls, oxygen consumption of mammary glands was lower than in suckled controls: but only when ex- a A = Pups stayed with dams after injection for 24 h. Thereafter, mammary glands were excised. b mean -+ standard error. e B = Pups were separated from dams for 24 h after injection, whereafter, glands were excised. (a) Milk election in vitro. Mammary glands of rats weaned 24 h after injection of 1 ml saline appeared well developed and milk oozed abundantly when the parenchyma was incised. During dissection of the gland in Tyrode Ringer for the in vitro assay, turbidity of the medium was increased greatly. When mammary gland pieces were put into an oxytoein solution, milk ejection was definite with concentrations ranging from 1 izU/ml to 100 mU/ml. Fig. 1 gives the percentage of pieces with a positive ejection value to different oxytocin concentrations.
There was a striking difference in general appearance of mammary gland from animals injected with 10 IU of oxytocin. GIands looked less developed, and no milk was released into the Tyrode medium when the glands were cut into pieces. Percentage of glands reacting positively to oxytocin in the oxytocin-pretreated group was decreased strikingly (P<.001) in oxytoein media ranging fi'om 10 -z to 10 -~ IU/ml (Fig. 1) .
Prolactin treatment of the oxytocin group resulted in a better general appearance. Some milk escaped during cutting into pieces. Milk could be demonstrated clearly when mammary pieces were put in contact with various concentrations of oxytocin in vitro. The percentage of mammary pieces with a positive milk ejection was clearly correlated with concentration of oxytocin-solution (Fig. 1). (b) Milk e]ectlon in vivo. The minimal effective dose for oxytocin administered intravenously to elicit an increase of intramammary pressure in control rats after weaning 24 h was between 20 and 100/zU (Fig. 2) . The increase in mammary pressure was pronounced as compared to oxytocin or oxytocin q-prolactin rats (P<.001) and this after injection of oxytocin in a range from 100/zU to 1 IU. Prolaetin did not improve either the minimal effective dose or the response to different doses of oxytoe/n. The minimal effective dose in these treated rats was 500/zU to 1 mU. Blood pressure was not affected by intravenous injections of oxytoein up to 500 mU. Higher doses, however, resulted in a slight transient increase in blood pressure.
Discussion
A large dose of oxytocin inhibited milk yield and decreased lactose content of rat mammary gland as compared with saline controls after 5 h of litter separation (13). We confirmed these observations in the present experiments after weaning 24 h. Moreover, prolactin administration raised the low lactose of oxytocin treated rats. Prolaetin causes a sharp rise in lactose content, and no lactose is in a nonlactaring mammary gland (4). That weaned oxytoein treate~l rats responded to prolactin treatment with an increase in lactose concentration of their gland is indicative of the persistence of normal biochemical pathways for milk synthesis. The increase in lactose content after prolactin treatment seems to account for the high reducing value of the mammary gland homogenate since glucose did not vary.
In contrast to these experiments lactose concentration between saline controls and oxytocin injected rats did not differ ff pups were allowed to suckle during the 24 h after injection. Apparently, the suckling stimulus was able to overcome the block in prolactin release caused by oxytocin. By blood prolactin determinations, large doses of oxytocin indeed inhibit suckling induced prolactin release (12).
We found higher lactose concentrations in mammary glands of suckled control rats as compared to weaned control rats. This finding confirms results of Shinde et al. (22) but disagrees with those of Wrenn et al. (24) , who found greater lactose concentrations in nonsuckled rats.
Ota and Yokoyama (20) measured oxygen consumption of rat mammary glands manometrieally. Oxygen consumption decreased steeply after weaning. However, oxytocin administration (1 to 2 IU three times a day) did not effect these changes. Normal suckled controls retained high values. Other studies revealed a stimulatory effect on respiration of mammary slices with low doses of posterior pituitary hormones while higher doses inhibited respiration rate (19) . In our hands either weaning alone or oxytocin administration to suckled rats decreased mammary oxygen consumption as comparcd to normal suckled controls whereas prolactin injections reversed the decrease. The decrease in oxygen consumption in the suckled rats pretreated with oxytocin is not easily explained since both the suckling stimulus and prolactin release were present (12). However, that pups were not able to obtain milk in spite of high lactose in the gland indicates a peripheral or central inhibition on milk release.
Studies in vitro reveal that this inhibition is at least in part a neurogenetie one since here in contrast to the in vivo experiments prolactin is able to overcome the block in milk ejection (up to 58g of normal ejection). A specific innervation of the mammary gland which is inhibitory of origin has been demonstrated (9). It is possible that this system is stimulated by oxytocin in the present study. 
